Actor network theory is a sociological theory that emerged as a useful vehicle to study technology and information systems. This chapter gives the reader some background about the development and emergence of this sociological theory. It reviews some of the premises of the theory and introduces the reader to key concepts and ideas. It also presents some of the critique of the theory, ANT authors' response, and the implication on IS research. This chapter also gives the reader an overview of the application of ANT in different streams of IS research.
InTRODucTIOn
Actor Network Theory is one of the emerging theories in IS research. It advocates the intertwining of the social and technical agency to constitute a performing network. This chapter provides a general overview of the premises of the theory and the main ideas of the founding authors. It also reviews the main areas where ANT is criticised in order to indicate the theoretical shortcomings and expected strengths that the theory offers for IS research. The chapter ends with a critical review of ANT's application in the IS field.
bAckgROunD
Actor Network Theory appeared more than two decades ago in the sociology of science, mainly to investigate the emergence of scientific knowledge. One of its earliest landmark publication is Latour and Woolgar's (1979) Laboratory Life, which was an immediate success and is said to be "the best known book in science studies" at that time according to Susan Star (Star, 1988) . This book documents the creation of a scientific 'fact' through an ethnographic study of a scientific laboratory, which opened the door to a series of laboratory studies and descriptions of 'fact-making' that follow this ethnomethodological approach.
The theory draws on a variety of fields, such as linguistics (specially semiotics), anthropology, and the ethnomethodology tradition in sociology. It consistently argues that scientific knowledge is a product of a network of heterogeneous materials that is partly social, partly technical, and partly natural. Its field of study is extended from investigating the creation of scientific knowledge to studying technology and the construction of technological artefacts. Its focus is also extended from the production of knowledge towards agents, social institutions, machines, economic markets, and organisations to form a comprehensive theory. ANT creates a 'thick description' of the interaction between technology and society involving a wealth of detailed information (Bijker, Hughes, & Pinch, 1987) , as well as a distinctive view of the constitution of society.
The development, amendments, and grounding of the theory took place over a relatively long period through the collaborative and cooperative work and discussions of a group of sociologists. Most of them-especially in the 1980s-were associated with, and in several cases located at, the Centre de Sociologie de l'Innovation of the Ecole Nationale Superieure des Mines de Paris. These pioneers of the theory include Bruno Latour, Michel Callon, John Law, Madeleine Akrich, Steven Woolgar, and Michael Serres (Law, 1992) . Much literature was generated by this activity; as Collins and Yearley commented in the early 1990s, "It would not be possible to deal with six books, five edited volumes, and about sixty articles in anything less than a Ph.D thesis" (Collins & Yearley, 1992b) . Over a decade later, that number has at least been doubled.
AcTOR neTwORk TheORy: cOncepTs
ANT has passed through constant reviews, extensions, and amendments from its key authors. The theory's developers have also continuously changed topics, field sites, styles, and concepts in their journey to establish their approach within sociology. This makes it a moving target (Latour, 1999a) and reviewing its concepts is far from a straightforward task. The theory has also changed as it moved from one domain to another and from one researcher to another, in time and place. Law, for example, admits that the form taken by ANT of Paris in the 1980s is quite different than the ANT of the 1990s that is used in different places (Law, 1997) .
Although it is possible to identify certain common ANT preoccupations and concerns in the literature, "there is no orthodoxy, no one "right way" of developing the approach. This also means that Actor Network Theory is not a single orthodoxy, a fully consistent body of writing with its holy scriptures" (Centre for Science Studies, 2001). As there is no 'unity' for the theory and both commonalties and differences coexist between ANT authors, it is the researcher's task to decide which part of the theory to review and apply in his study. This section introduces the reader to the ANT concepts of society, network, and translation.
society
ANT fundamentally reviews the notion of society by arguing that "society is constructed, but not just socially constructed" (Latour, 1994b, pg.793; 1999b, pg 198) . It suggests that society is constructed through intertwining networks of heterogeneous materials: some of these are human and others are non-human, and their intertwining constitutes 'the social'. This contends that all artefacts incorporate social relations and it is not possible to define a social structure without the integration of non-humans into it, as every human interaction is sociotechnical (Latour, 1994b) .
In order to account for humans and nonhumans, and to treat both the social and the technical symmetrically, ANT authors developed a distinctive language that is intentionally "neutral" and does not differentiate in principle between them (Law & Callon, 1988) . This vocabulary is drawn from semiotics and is intended to avoid the use of terms that assume a distinction between the technical and the social (Akrich & Latour, 1992) . Thus, ANT's vocabulary has achieved a kind of metalinguistic formulation into which any sequence of human and non-human actions can be encoded (Lee & Brown, 1994) .
network
ANT uses the notion of 'network' in a way that is fundamentally different from its standard usage in sociology, as it is not primarily concerned with mapping interactions between individuals. Rather, it is concerned with mapping how actors define and distribute roles, and mobilise or invent others to play these roles. Such roles may be social, political, technical, or bureaucratic in character; the objects that are mobilised to fill the roles are also heterogeneous and may take the form of people, organisations, machines, or scientific findings. A network metaphor helps to underline the simultaneously social and technical character of any social arrangements. It is a metaphor for the interconnected heterogeneity that underlies sociotechnical engineering (Law & Callon, 1988) .
ANT renders agency to both humans and non-humans and hence adopts the notion of actors or actants from semiotics (Greimas, 1990) . Accordingly, an actor could be any entity, human or non-human, involved in a series of actions. Actors are tied together in a certain network through intermediaries. Intermediaries then represent the relationship or transaction that passes between actors or what ties them together.
The actor is seen to be playing two roles: one as an actor in a network that is created by him; the other as being a network, hence the term 'actor network'. An actor network is an actor whose activity is networking heterogeneous elements, and at the same time it is a network that is able to redefine and transform what it is made of (Michel Callon, 1987, pg. 93; Law, 1992, pg. 93) . Thus, an actor network cannot be seen as an actor alone or a sociological network alone. It should be seen as a series of heterogeneous entities that are associated with one another for a certain period of time.
As a result, "action is simply not a property of humans but of an association of actants" (Latour, 1999b) . Similarly, the "responsibility of action must be shared among the various actants" (ibid). In principle, this proposition could reveal an endless number of actors and networks if a researcher goes on to de-construct every node (actor) in a network into its constituent actors. This tendency towards de-composition adds a complexity to any study, which is so serious that it may be difficult, or even impossible, to handle. The advised methodological solution (Latour, 1987 (Latour, , 1988b (Latour, , 1996 Law & Callon, 1988) is to follow the actors in the construction of their network, de-compose what they negotiate and compose, and accept and take for granted what they take for granted; 'black box' entities by treating internally complex network only through its simpler external interfaces. This methodology follows the associations and disassociations wherever they are produced (M. Callon & Latour, 1981) . The researcher then needs to understand analytically the logic behind black boxing or punctualising some actors while negotiating and decomposing others.
Translation
'Translation' refers to the dynamics by which an actor recruits others into his project. It is a continuous process and "never a complete accomplishment" (Michel Callon, 1986) . By and large, it follows how actors are "bent", "enrolled", "enlisted", "mobilised" in any of the others' plots (Latour, 1999b) .
The word 'translation' itself reflects its usual linguistic sense in that it means that one version translates every other (Latour, 1987, pg.121 ). It does not mean a shift from one vocabulary to another, but it does mean "displacement, drift, invention, mediation, the creation of a link that did not exist before and that to some degree modifies two elements or agents" (Latour, 1994a, pg.32 ) (Latour, 1999b, pg.179) . It also has a "geometric meaning" that is about moving from one place to the other. Translating interests means at once offer new interpretations of these interests and channel people in different directions (Latour, 1987, pg.117) . It was first created and used by Michel Serres (M. Callon & Latour, 1981; Serres, 1974) and its first English publication appears in Callon (1986) . Since then, it has been adopted through Callon (1986) .
AcTOR neTwORk TheORy: DynAmIcs
The concept of translation presents a dynamic view of the creation and maintenance of an intertwining network of human and non-human. This section reviews the dynamic properties of the concept. It presents the different strategies of translation before reviewing the widely quoted 'moments of translation'.
strategies of Translation
The translation or recruitment could take place through implementing several strategies. All would lead the actors, whatever they do and whatever their interests, to help the network builders to pursue their interests. Interests in ANT are "what lie between actors and their goals". Latour identifies five translation strategies (Latour, 1987, pg.108-121) . The following are four of them, with the fifth described later in this section after the discussion of the tactics of the fourth strategy:
The first is to Tailor the network builder's project in such a way that it caters for the actors' explicit interests. This is considered the easiest way to find people who will immediately believe in the network builder's interests, invest in the project, or buy the ideas. The second strategy is to mobilise people towards the network builder's goal in order to cut off their usual way and to convince, persuade, or betray them that their project is not possible. Then, displace and shift their explicit interests towards adopting the network builder's interests. However, this displacement of explicit interests is rare and might be easier to be achieved through the next strategy. The third strategy aims to clearly cut off the path being followed to achieve an actor's interests and projects, then create a favourable detour through the builder's project. This suggests that "you cannot reach your goal straight away, but if you come my way, it will be a short cut so you can reach it faster". Seducing people through such a little detour depends on the road being obviously cut off, the new detour well defined, and the detour appearing to be short. The Fourth strategy Seeks to do away with explicit interests so as to increase the actor-network builder's margin for manoeuvre. This suggests that interests and goals can be reshuffled. It differs from the assumption in the above three strategies that explicit goals exist, which actors can express and are largely dependent on the actors' interpretations of their interests and that of the others they enrol.
To achieve translation through the fourth strategy, five tactics could be followed. The first tactic is to displace goals through problematisation. When the network builders have a solution, they need to look for a problem for the target actors to position their solution against. In order to do this, they need to shift the target actors' goals slightly, but sufficiently to change their standing. In his much referenced article, Callon (1986) named this process "problematisation" (Michel Callon, 1986 ). This tactic depends on the network builders' ability to determine a set of actors and define their identity in such a way as to establish the network builders as an 'obligatory passage' point in the network of relationships they are building. Problematisation is therefore a double movement of defining the actors and their goals and of rendering the network builders as indispensable or an obligatory passage point. 'Obligatory passage point' is a military term and is used to mean a strategic placement between an actor's goal and the fulfilment of this goal (Latour, 1987) . The second tactic is to invent completely new goals all together. As the scope of what interests others is related to, and limited by, their previously adopted goals and their original interests, increasing the margins of this scope requires the creation of new goals. The third tactic is to invent new groups. Since the ability of inventing new goals is quite limited by the existence of already defined groups. Thus it would be much better to define new groups that could be endowed with new goals, goals that could be reached by only helping the network builders to pursue their goals and build their network of relationships. In practice, this tactic is the easiest and by far the most efficient strategy. It is about building either literally or conceptually new groups that change the old defined and established groups. This makes it easier to create common interest for the new reordered or new established group. The fourth tactic is to render the detour invisible. Although translation is a transitive relation, the final version should not be perceived as a detour, no matter how far it drifts from the actor's original aims and path. On the contrary, it should be seen as the only straight route to realising the initial project. In this sense, translation includes both its linguistic and geometric meaning. It incorporates not only a new interpretation but also a displacement and slow movement from one place to another. Callon calls this process of displacement "mobilisation". The main advantage of such mobilisation is that particular issues are closely tied to the wider issues, to the extent that threatening the former would be perceived threat to the latter. This move is necessary in order to turn the detour into a progressive drift. The enrolled group will then still think that it is going along a straight line, without ever abandoning its own interests. "Subtly woven and carefully thrown, this very fine net can be very useful at keeping groups in its meshes" (Latour, 1987, pg.117) .
A final tactic is to seek to win trials of attribution. In constructing a network, in principle everyone is as important as everyone else, as each is necessary to contribute to the construction of the network if the network is to perform. Nevertheless, only a few are likely to be pointed at as the lead and the main cause of collective action. This "attribution of responsibility" is called "the secondary mechanism" by Latour (Latour, 1987, pg.118-119) , where he refers to the "the primary mechanism" as the principle of everyone being important. He warns that the two mechanisms should not be confused, even when the secondary mechanism prevails and people make some versions more credible than others. This tactic is more about convincing others to contribute to the network and to compromise with them if necessary, at the same time as keeping the attribution of responsibility limited to few people or even one person.
The fifth translation strategy identified by Latour is to become indispensable. The previously mentioned strategies and tactics should lead to render the network builder and his path indispensable. The network builders should patiently succeed to make others to follow them through successive translations that move them from the most extreme weakness (that forced the network builders to follow the others) to the greatest strength (that forces all the others to follow the network builders). In doing so, everyone would contribute to the spread of a claim in time and space, which will then become a routine black box in everyone's hands.
moments of Translation
Callon defines the anatomy of translation in terms of "four moments of translation": "problematisation", "interessement", "enrolment", and "mobilisation" (Michel Callon, 1986) . He asserts that these moments are interrelated and could be inseparable in reality.
Problematisation, as the term implies, is concerned with finding a problem for the presented solution to which other entities could subscribe. In order to do this, the 'enunciators' need to define the other actors' identities, what they might possibly want and make themselves or other entities as an obligatory passage point. By becoming the obligatory point of passage, the network builders define the way for the actors to proceed if they to realise their goals.
Interessement is the action of interest building. The term is derived from the Latin interesse, "to be situated between". Interessement is therefore the group of actions by which an entity attempts to impose and stabilise the identity of the other actors it defines through its problematisation (Michel Callon, 1986, pg.207-208) . Stengers (1997) explains that interesting someone does not necessarily mean either entering into pre-existing interests or gratifying that person's desire for power, money, or fame. From this perspective, to interest someone in something means "to act in such a way that this thing -apparatus, argument, or hypothesis… -can concern the person, intervene in his or her life, and eventually transform it" (Stengers, 1997, pg.83) .
As in problematisation, the network builder identifies the other actors (potential allies), their identities, and their goals. Yet these allies are tentatively implicated in the problematisations of other actors. Their identity is consequently defined in other competitive ways. Hence, interessement includes attempts to interest other actors and to build devices that can be placed between them and all other entities that want to define their identities (Latour, 1987 (Latour, , 1988b . This process carries the risk that actors may refuse the identification of their identities and define their identity, goals, projects, motivations, or interests in another manner.
The successful process of problematisation and interessement leads to enrolment, which does not imply, nor does it exclude, pre-established roles. Enrolment designates the device by which a set of interrelated roles is defined and attributed to actors who accept them. Thus, it entails conflict and struggle between entities in order to convince them to play the roles they are ascribed. Actors could be enrolled through seduction, transaction, and consent without discussion (Latour, 1987 (Latour, , 1988a . It also includes efforts to pull entities together towards the enunciator proposal. The last moment of translation is mobilisation. As the word suggests, it is to render mobile those entities that were not so beforehand.
cRITIcIsms Of AnT AnD TheIR ImplIcATIOn fOR Is ReseARch
The fundamental reconsideration of 'the social' introduced by ANT triggered strong reaction, particularly -and not surprisingly -in the sociology field. A landmark seminar organised by Bath School of Sociology that took place in February 1990 crystallised and summarised many of the criticisms at the time and provided actor network theorists with a way forward to extend and develop some of their ideas further (Pickering, 1992) . Overall, the criticism of ANT has revolved around a few closely-related issues, grouped here as: symmetrical stance, material agency, and ethics.
symmetrical stance
The first criticism attacks the 'symmetrical' stance of ANT. As explained earlier in this chapter, this calls for a similar analytical treatment -using the same semiotic language and without changing repertoire -of all old dichotomies, successes and failures, nature and society, human and nonhuman entities. ANT suggests that the boundary is an issue of investigation rather than a starting point. The symmetrical view has been problematic for both mainstream sociology and the sociology of scientific knowledge (SSK).
By and large, this stance is the most shocking aspect of ANT for most sociologists as it removes humans from their pivotal role (Collins & Yearley, 1992a) . This ontological position of society and things shakes the very ground that mainstream sociology stands on, since sociology in general does not account for non-humans and considers the social only in term of humans as the focus of its studies. Main stream sociology does focus on some social aspects and social relations, such as power, classes, and institutions, but it argues that science is outside the sphere of sociology and should be left to experts. For this reason, the symmetrical view of ANT and its positioning towards seeing non-humans as the glue or cement that holds society together is considered a "structural failure" of the theory to account for the reified social facts, structures, and institutions (Pels, 1995) .
The counter argument is that ANT's account of the social structure is quite distinctive, as it goes beyond the duality of structure (Giddens, 1994) towards a sort of mesh of structure with the actors. The notion of network and its nodes embodies a structure within each node, and with the node and its network. In ANT, the structure would therefore be inside and outside the node.
Furthermore, mainstream sociology does not account for science and technology, and only intervenes in this area to identify the socio-psychological causes of cases of error, irrationality and deviation from the proper norms. Apart from this, sociologists can, at best, illuminate the general conditions that encourage or inhibit science. This contrasts sharply with the symmetrical view of ANT that treats the success and failure phenomena with the same analytical lens. For ANT, failure is not the occasion where sociologists intervene to study; rather, it is the way the making of science and the establishment of networks that perform science that concerns ANT.
SSK's sociologists "categorically" deny that ANT can be identified with SSK under a label of 'social constructivism' as "the two approaches are deeply opposed" , a comment made in David Bloor's lengthy attack to ANT in general and Latour in particular (Bloor, 1999) .
Despite the fact that the two approaches share the same preference for detailed case-studies, Seguin (2000) explains that the object of study is different in the two approaches (Seguin, 2000) . SSK is concerned with the role of society in science and technology production particularly with identifying the social factors and providing social explanations of science and technology production. Therefore, it does not render any agency to non-humans and sees the production as an occasion for social explanation.
ANT, on the other hand, focuses on the role of science and technology in building society. As Callon and Latour bluntly put it: "we have never been interested in giving a social explanation of anything, but we want to explain society…" (Michel Callon & Latour, 1992, pg.348) . Thus, ANT renders agency to both the social and the technical or humans and non-humans in order to follow the network building and the interweaving of both to constitute what ANT sees as 'the social'. Being a "relationism" theory, it sticks to the empirical task of tracing the establishment of relations (Latour, 1999a) through the co-production of the social and the technical (science and technology). It stresses that neither could be explained in the other's terms and for this reason ANT studies the production of an intertwined relationship between the subject and the object as it follows the association chain that is being established.
Furthermore, SSK considers ANT to be a kind of technological determinism which, as Collins and Yearley (1992a) put it, "once learned to ignore". In this sense, ANT is accused of being concerned with natural realism that embraces the priority of technological descriptions adopted from scientists. Collins and Yearley also argue that the domain for scientific and technological phenomena should be left to experts to describe and talk about, as sociologists lack the scientific credentials (Collins & Yearley, 1992a) . They en-courage STS sociologists to stand on the social and stick to the "social realists" approach (Collins & Yearley, 1992b) .
Responding to the criticism that sociologist should leave the science and technology to experts, Woolgar (1992) argues that this suggestion itself partitions the world into groups and assigns differential positions (capabilities and actions) to these groups. He argues that this contradicts the ethnomethodological roots that stress "any presumption of structured reality is a travesty of a key sociological phenomenon: how are structurings of this kind managed and achieved, for what purposes, by whom, and so on?" (Woolgar, 1992) .
ANT's use of similar semiotic language to describe both humans and non-humans was also criticised, for example by Collins and Yearly (1992a) , for being hollow and for rendering bizarre intentionality to non-humans (Collins & Yearley, 1992a) . In a response article to Collins and Yearly, Callon and Latour (1992) explain that extending symmetry to vocabulary "does not mean that [they] wish to extend intentionality to things, or mechanisms to human (Michel Callon & Latour, 1992) .
material Agency
ANT's granting of agency to material objects -such as man-made things like in the case of technology, machines and artefacts -seems problematic for some. Critics argue that if this is possible for natural living entities, it is not possible for technology (Collins & Yearley, 1992a) . Moreover, Schaffer (1991) finds it illegitimate and unnecessary to ascribe will, life, and interests to non-humans, describing it as "heresy of hylozoism" (Schaffer, 1991) . He argues that this hylozoism takes the researcher away from looking for the crucial human actors in favour of seeking non-human explanations and therefore "disables understanding". Collins and Yearly (1992a,b) denied the granting of agency to a piece of paper, a door or any other non-human. They suggest that treating the social and the technical symmetrically leads ANT to attribute capabilities to technology that are properly considered to be human, hence diminishing the potential for human agency (Collins & Yearley, 1992a) . Callon and Latour (1992) addressed this issue by explaining that their "empirical program does not claim either that humans and artifacts are exactly the same or that they are radically different", and that they leave the question of agency open. They argue that the redistribution of "actantial roles" are themselves subject to negotiation, and thus subject to empirical evidence rather than a priori determination. They claim it is a matter of empirical evidence to follow the fact builders (scientists, technologists) on their work of constructing these competences. Callon and Latour (ibid) also demonstrate that a priori attribution would not only be a methodological mistake but worse, in their opinion, a serious error of political judgment "since differences are so visible, what needs to be understood is their construction, their transformations, their remarkable variety and mobility, in order to substitute a multiplicity of little local divides for one great divide" Law (1991a Law ( , 1992 defends ANT in a similar sense, by contending that it explores the nature of the social through its symmetrical vocabulary. This reveals that the glue holding the society together is achieved by heterogeneous means, and that the social is not social at all. "The social world would not hang together if the natural, the corporeal, the technological, the textual and the topographical were taken away" (Law, 1991) . He argues that ANT has a "serious commitment to heterogeneity and in particular to the heterogeneity of the sociotechnical" (ibid).
As indicated earlier, Collins and Yearly (1992b) eventually shifted their position and accepted the importance of the term "actant", although they argued that "the notion of actors is much more important, and the differences between actors and actants are vital" (Collins & Yearley, 1992b) .
ethics
The symmetrical treatment of humans and nonhumans raises an ethical concern regarding the equality between man and machine and in viewing humans as machines and machines as humans. Pels (1995) criticises the ideas presented in Latour (1993) by opposing what he called Latour's "radical exaggeration" of the principle of symmetry and the "identitarian drift" of ANT (Latour, 1993) . Instead, he argues in favour of weaker asymmetries that preserve some critical boundary between humans and non-humans (Pels, 1995) .
In this regard, Callon and Latour (1992) assert that they do not regard these entities as equivalent, but are interested only in the analytical level as they believe that there is no perceptible difference. They clearly claim that "the point is methodological" and that there is a difference between the analytic view and the ethical view of the issue (Michel Callon & Latour, 1992) . Latour (1999a) explains that his colleagues and himself aim "to avoid the absurdities of having some entities playing a role and dropping out of the story others" (Latour, 1999a) . This notion was well received by Lee and Brown (1994) when they embraced ANT for its "liberal democratic" orientation (Lee & Brown, 1994) , in the sense that it liberates the oppressed through enfranchisement and appropriate representation by challenging the usual dichotomy between humans and non-humans.
Law (1991a) jokingly says, "I am not a Nazi, and neither … do I currently think of myself as a machine" (Law, 1991) . He argues that there are two reasons that this division should not carry an analogous explanatory weight. First, humans are heterogeneous networks and hence the product of confused overlaps. Second, the very dividing line between people and machines is variable and negotiable. ANT is concerned with how differences and similarities are constructed and sustained.
ImplIcATIOn fOR Is ReseARch
The severe criticism of ANT from mainstream sociology and from SSK researchers has generally little effect on the use of ANT in the IS field, apart from creating awareness and caution around certain points.
In the IS field, ANT's ontological stance is particularly celebrated as information systems researchers witness the constant constitution of performing networks of people and things, of the social and technical. In information systems, ANT has the potential to account for both and to explain how actors construct their heterogeneous world. Also, the stance of not determining a priori the boundary between what is social and what is technical, and leaving it as an empirical matter to be decided by the actors, has proved to be useful in IS research. Many authors have found it productive to explore how both the technical and the social are negotiated (Bloomfield & Vurdubakis, 1994; Grint & Woolgar, 1997; Rachel & Woolgar, 1995) .
The symmetrical stance of ANT is therefore welcomed in the IS field, in contrast to the mainstream sociology perspective. In IS, this is one of main attractions of ANT since many researchers see its value in accounting for the technology as an actant. Granting agency to systems and technology helps IS researchers to understand the role of technology in a different way from the technology determinism or social construction (SCOT) arguments.
In IS research, the ethical concerns regarding the symmetrical view of ANT seems irrelevant as many IS researchers clearly announce that their use of the symmetrical view serves only an analytical purpose and does not reflect an ethical belief (e.g. Walsham, 1997) .
The ApplIcATIOn Of AnT In Is ReseARch
As already indicated, ANT is much celebrated in the IS field, where its philosophical position and methods of inquiry are seen to facilitate its practical application, as well as having much to offer the IS researchers (Walsham, 1997) . The clear account given by ANT for non-humans lays sound conceptual grounding for IS research.
The remainder of this section offers a brief review of ANT's application in IS research, showing how its recent use covers both a wide range of topics, from system implementation to development methodologies, and a variety of approaches -from a simple adoption of the ANT vocabulary towards more productive deployments of concepts and methodology. The key areas of ANT outlined below include: systems implementation; organisational change; systems design; IS development methodology; IT infrastructure development, introduction and use; evaluation; and the role of IT consultants.
Some IS researchers apply ANT to conceptualise the implementation process of certain technologies. For example, Vidgen and McMaster study the implementation of an automated access control system for a car park (Vidgen & McMaster, 1996) . They focus on how the technology black box was opened by the parties involved and how what was once believed to be a simple installation of a technology opened up to reveal a much more complex web of relations and associations. They adopt the notions of 'quasi object', 'networks', and 'black boxes' to conceptualise the mutual changes that occur to the technology and the organisation, including both humans and non-humans in the stakeholder map. Elbanna (2007) studied the implementation of ERP system in an international organisation. She applied ANT as a critical lens to discuss the notion of integration and unravel the intertwining relationship between the ERP system and its organisational setting (Elbanna, 2007) . She also applied the theory in another study to reveal the model of improvisation involved in the implementation of rigid systems such as ERP (Elbanna, 2006) .
Lilley also studied the implementation of an Oil Management System that emerged from one of the European sites of a parent company (Lilley, 1998) , which went on to extend the system's implementation to several sites around the world. The aim was to implement a site-specific systems built around a common core. Lilley tells the story of this case of network building using Callon's four moments of translation. Interestingly, he tries to account not only for the translation process from the outside viewed by the network builder, but also from the inside viewed by the recruited entities.
McGrath (2001) examined the role of environmental forces on the IS implementation. She applies the vocabulary of Callon's sociology of translation to shed some light on how the environmental forces influenced action during a specific period of organisational change and how actors engaged locally in enrolling and mobilising support for that intervention (McGrath, 2001) . She focuses on linking the global and local contexts of the implementation of the new computer system, suggesting that this "mechanism" is available within ANT. McGrath arguably view ANT as a "collection of powerful tools and ideas", as opposed to being a "complete and constraining methodology".
Some IS research applies ANT for conceptualising the development of IT. For example, Bloomfield and others analyse a series of events in the design and development of information systems in the UK National Health Service (NHS) (Bloomfield, Coombs, Knights, & Littler, 1997) . They adopt the ANT understanding of system development as the construction of a complex heterogeneous network of humans and non-humans. In the case study, they focus on the analysis following the notion of stabilisation and destabilisation of the actor network. Klischewski (2000) applies ANT to conceptualise IS development by regarding it as "networking" (Klischewski, 2000) with black boxed commitments (Klischewski, 2001) . Being interested in providing a practical guide for systems development, Klischewski makes black boxed commitments a starting point of the analysis and then follows their circulation as immutable mobiles rather than following the construction of each commitment and how it is black boxed and reopened in times of controversies.
Along a similar line, Monteiro (2000) attempts to find a practical use of ANT in systems design (Monteiro, 2000) . He defines some guidelines for systems design using ANT. To do this, he appropriated the theory and made arbitrary uses of a simplified version of it that focuses only on a selection of concepts rather than accounting for all of them.
Atkinson (2000) develops a contingency approach for systems development named Soft Information Systems and Technologies Methodology (SISTeM), which stems from Soft System Methodology (SSM) using ANT as an underpinning framework (Atkinson, 2000) . He proposes to regard the methodology as a network or a "methodological actor network" in its own right that enrols and mobilises a heterogeneous set of human and non-human actors. At the same time, it is a node or non-human actant in the actor network of the real world. Its use in the real world is therefore shaped by the relationship it has with the other actants in the network into which it has been enrolled. Atkinson also suggests the methodology can be seen as network building in each stage of its application.
Some researchers find ANT useful for accounting for the introduction of a certain technology. For example, Aanestad and Hanseth (2000) explore the introduction of a multimedia technology in a medical surgery, presenting three detailed microlevel snap-shots of local instances of the case being studied (Aanestad & Hanseth, 2000) . This usefully reveal the highly complex setting of technology and work practices, the highly emergent and evolutionary use of multimedia technology, and the complexity of the network of human and non-human alliances that needed to be recruited to use the technology. They show through ANT's conceptualisation how the demands of technology and medical work practice can coexist in a stable network and how they may be in conflict and hence translation is required to align actors and enrol them in a stable network. In the third story, Aanestad and Hanseth describe how the alignment of the network proved to be fragile as it broke apart. They conclude by arguing that the use of ANT offers a suitable and valuable conceptualisation of the use of multimedia technology to cultivate a hybrid of humans and non-humans, technologies and non-technologies.
Knights, Murray, and Willmott draw upon ANT, particularly Callon's notion of the sociology of translation, to study the establishment of an electronic network for the insurance industry (Knights, Murray, & Willmott, 1997) . They apply the concepts of problematisation, interessement, enrolment, and mobilisation. Although it is very brief, their description of the case illustrates a sensitive use of ANT. They suggest that the sociology of translation does not account for power/ knowledge relations, so chose to complement it by the use of Foucault's understanding of power (Foucault, 1980) .
Other researchers are interested in the theory itself and experiment with some of its concepts. Monteiro and Hanseth (1996) examine the relationship between IT and organisations in the light of ANT framework. They argue that ANT provides a firm grasp of the interplay between IT and organisational issues that take "IS quite seriously" (Monteiro & Hanseth, 1996) . Comparing ANT with Structuration Theory (Giddens, 1984) , they argue in favour of ANT. They find that ANT provides immediate benefits through its language, and that its "overall rationale is geared" towards providing an analysis that goes far beyond "IT enables/constrains actions". In their concern with standards and infrastructure, they attempt to briefly but broadly apply notions like actornetwork, translation, alignment, inscription, and irreversibility to understand how standards acquire stability and how they become increasingly "irreversible". Although their study is valuable, it does not provide any detailed or proccessual account of any of the ANT concepts.
Bloomfield and Vurdubakis relate to one of the principles of ANT; that it does not set any a priori assumptions concerning the technical and the social, and their boundaries (Bloomfield & Vurdubakis, 1994) . Through two case studies, they follow the actors in their negotiations of the boundary between the social and the technical. They conclude that boundary-setting is situated and an a priori distinction is far from being appropriate, as the content of the social and the technical is subject to ongoing negotiations between various actors.
Pouloudi and Whitley (2000) address the representation of non-humans, one of the problematic aspects in applying ANT . As ANT views human and non-human entities symmetrically, researchers tend to think that representing the non-human is far more problematic than the straight forward task of representing humans, as the latter can speak for themselves. Pouloudi and Whitley argue that this common concern is not as clear cut as it appears. They study an NHS-wide networking project, following the way two stakeholders were represented in the project: one human (patients) and the other non-human (an encryption algorithm). They show that the two actors that are different in kind (human and non-human) can share the same representation difficulties where many stakeholders seek to represent the actors.
There is also research on IT infrastructure development from a variety of angles. For instance, Hanseth and Braa (1998) apply ANT to understand IT infrastructure development and use in the European fertiliser division of Norsk Hydro (Hanseth & Braa, 1998) . They apply ANT to develop a broad account that conceptualises SAP as a non-human actor which shapes its environment as well as its own future. The authors follow the SAP technology as it builds and changes alliances with others. This assisted understanding of how the addition of an infrastructure gains momentum and influences future developments of that infrastructure. Hanseth and Monteiro (1997) continue their interest in infrastructure spread and development by studying how it inscribes a certain pattern of use. They focus on the two ANT notions of inscription and translation to help analyse the phenomena more broadly (Hanseth & Monteiro, 1997) . In this process, they uncover, through the notion of inscription, the sociotechnical complexity of establishing an information infrastructure. They try to reveal how explicit anticipations of some actors were inscribed into the standards, who inscribe them, how these inscriptions were carried out, and the efforts taken to oppose them or work around them.
Also, Hanseth and Braa (2000) present the story of the evolution of the infrastructure in the Norwegian company Norsk Hydro (Aanestad & Hanseth, 2000) . They use ANT to offer an explanation of how the SAP part of the infrastructure drifted from the initial planning towards an almost opposite outcome. They question who is really in control, as people, departments, and divisions who once thought that they controlled SAP and could align it to their interests ended up being aligned, controlled, and locked-in by SAP. Their analysis, however, seems to produce a technologically deterministic stance that they justify by the use of ANT. Cordella and Simon (2000) study the infrastructure accumulation in Astra Hässle, a Swedish pharmaceutical research company (Cordella & Simon, 2000) . They introduce a model for analysing infrastructure implementation based on the notion of inscription adopted from ANT, providing a framework that is a matrix of technology and organisational inscriptions.
